Background：An acceleration or deceleration of the heart rate (HR), which reflects autonomic effects, is observed before the onset of paroxysmal atrial fibrillation (PAF). The purpose of this study was to assess the discrepancy in the autonomic interactions before the onset of PAF for different patterns of change in the HR. 
Introduction
Paroxysmal atrial fibrillation (AF) is an arrhythmia commonly encountered in clinical practice.
1) It is generally accepted that the autonomic nervous system functions to modulate the initiation of AF.
2) The analysis of the heart rate variability (HRV), just preceding the spontaneous onset of AF, is a noninvasive method for evaluating autonomic effects and provides a way to document them. 3, 4) An improved understanding of the mechanism of onset of PAF may help with patient management and preventive therapy.
Several studies have demonstrated the fluctuation in the autonomic effects before the onset of AF, however, the results have been inconsistent. 5, 6, [8] [9] [10] [11] [12] [13] [14] [15] Coumel 2) classified AF into vagally mediated and sympathetically mediated types, based on the clinical history.
Vagally mediated AF, was preceded by progressive bradycardia, whereas adrenergically mediated AF, was accompanied by an increased sinus rate, and was opposite to the vagal type in all aspects.
In previous studies to determine the autonomic mechanism underlying AF, PAF episodes were grouped and analyzed based on the AF onset time 5, 6) or the presence or absence of structural heart disease [8] [9] [10] in order to characterize and quantify the autonomic changes. Grouping of the PAF episodes by the timing of the AF onset or the presence of organic heart disease is too subjective.
For example, daytime AF is not always sympathetically mediated AF and not always associated with organic heart disease. A more objective classification might improve the consistency of the study results. For example, the change in the heart rate, would be a more objective measure to study the autonomic effects before the onset of AF.
We hypothesized that the change in the autonomic effects before the spontaneous onset of AF would differ between AF preceded by bradycardia and AF adrenergically mediated with an increased sinus rate. No data are available regarding how the parasympathetic and sympathetic nervous system interact and cause changes in the heart rate before the spontaneous onset of AF. This study was undertaken to detect differences in the autonomic effects between the two types of AF, acceleration or deceleration of the heart rate, before the onset of AF.
Materials and Methods

Study Population
From 105 Holter recordings in which one or more PAF episode(s) were recorded, the PAF episodes were selected for analysis if the following criteria were met. : ( women, aged 58±12 years) without structural heart disease were suitable for the analysis.
The PAF episodes were divided into two groups according to the pattern of the heart rate change before the onst of PAF.: In Group A the mean heart rate for the 2-minutes of normal sinus rhythm immediately before the onset of PAF was faster than that of the prior 20 minute period (characterized by an acceleration of the heart rate before the AF onset). In Group B the heart rate decreased, (deceleration of the heart rate) just before the onset of PAF. The PAF episodes were further divided into two subgroups according to the time of PAF onset: from 7:00 A.M. to 9:00 P.M. (day-time AF) or from 9:00 P.M. Finland), and the R-R intervals were reviewed again to edit all premature beats and noise.
All questionable portions were compared with the raw data from the Holter ECGs.
HRV Analysis
The 20 minutes of normal sinus rhythm preceding the onset of the sustained AF, was We used an autoregressive method to calculate the spectral power of the R-R interval, as described previously. Differences of categorical variables between the two groups were assessed using the Chi-square test or the Fisher exact test. A P value <0.05 was considered significant.
Results
The clinical characteristics of the study population are summarized in immediately before the onset of a group A PAF episode. A sliding spectra of the LF (C) and HF (D) powers, which were calculated using stepwise windows (120 second window width and 10 second steps), is shown. A decrease in the HF power, rather than an increase in the LF power, is noted around 8 minutes before the AF coinciding with an acceleration in the heart rate before the AF initiation. One-hour (E) and 20-minute R-R interval tachograms (F), sliding spectra of the LF (G) and the HF (H) power in a group B PAF episode are shown. diographic parameters measured (Table 1) .
Relation of the AF types to the AF onset time
With regard to the AF onset time, a nocturnal AF occurrence was observed in 14 of 30 (47%) PAF episodes in group A, and in 13 of 25 (52%) PAF episodes in group B.
There was no significant difference in the incidence of a daytime or a nighttime onset of AF in comparisons between the two groups.
Time-domain HRV parameters
The HRV parameters are listed in Tables   2 and 3 . No significant change in the mean RR interval, rMSSD or pNN 50 before the onset of AF was observed when all PAF episodes were considered.
In group A, a significant and linear decrease in the mean R-R interval was observed over the 20 minutes preceding the onset of the AF (from 924±30 to 835±28 ms; P=0.001 Table 2 . * denote the variables having a significant change starting from 12-10 minutes before the onset of AF. 
Frequency-domain HRV parameters
In the group A PAF episodes, a significant decrease in the HF power, starting from 12 minutes before the onset of the AF, was observed (from 219±50 to 110±24 ms2 P=0.012 Table 3 (Table 2) .
Discussion
The results of this study demonstrated an altered sympathetic/vagal balance before the onset of AF consistent with previous studies.
Main findings
The main findings of this study were that a significant decrease in the vagal tone 
Comparison with previous studies
The arrhythmic influence of vagal/sympathetic effects on atrial tissue is well known. The relationship between the fluctuations in the heart rate and the duration of the subsequent AF episodes continues to be debated. [19] [20] [21] Daytime AF episodes, which showed a significant increase in the heart rate, had longer (> 5 minutes) AF episodes. 19) However, there was no significant difference in AF duration in comparisons between the two groups; however, the episodes where a heart rate deceleration was observed tended to have a longer AF duration. with no more than two beats occurring in succession. 23) We analyzed only the segments with less than two premature beats to avoid any distortion of the data. However, most prior studies included and analyzed segments with no more than 10 to 15% of ectopic beats. 5, 6, 8, 14) The length of the segment duration for the calculation of the spectral power is 3)
Summary
The results of this study demonstrated an altered sympathetic/vagal balance before the onset of AF, consistent with previous studies.
A significant decrease in the vagal tone, rather than an increase in sympathetic activity, was the primary autonomic stimulus for AF initiation in the phenotypically sympathetic type of PAF episodes where heart rate acceleration was observed before the onset of AF. A significant increase in the vagal tone was observed in the PAF episodes where deceleration in the heart rate was noted before the onset of AF. No significant changes in the sympathetic activity were observed in either type of PAF episode.
These results suggest that parasympathetic modulation plays a key role in the initiation of PAF regardless of the PAF onset type.
These findings extend the understanding of the role of the autonomic nervous system in the initiation of PAF. Interventions to modify the parasympathetic input to the heart might be an effective treatment modality for PAF.
Further study with the application of nonlinear methods might provide additional important information on the heart rate dynamics involved in the initiation of AF.
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